NS SE ns 
penetra. 


Re ie oie 


RASS 


eee, 


a gt ing a 


oes, 


eaaege 


aT 


= 
SSS 


SAIS; 


i 


— 
Soe 


sy 
"See 


heccchngrse Weer ae 


a? ®& > ai mg 
wa 
Venn ener 


0" 


ap “¢ 


Re te 
Vv" 6 Ley 
% Sd © gONiey te 
os G7 IS «eS 


Sa 


A SS eee 
alli 
x ‘V6. 1 


HR 
g SS 


BS 


AN) 
Oh 
Wi ! 
Ss SS 
IS 3M, 


“Ge, SD) a” A > 
4 a 3 A he 
oe ~ 


oONG 
x te 


A> 3 i 

4, 5? 
aH —_ a 
O” .* 


ES, 


“hypuar (@) 
Ley Oe 


sie 
te ee “EN ; 
) x 
a ge 008 on, °% 
WY 

sanf =< 


Guidance on Estimating Motor 


ie * ~ 0A . ° A a J 
Venicle"Emission Reduesions Rramathe ss 


Use of Alternate Fuels 
and Fuel Blends 


DRAFT 


July 1987 


im) 


Office of Mobile Sources 
Office of 


U. Sie 
2565 Plymouth Road 


5 
Anveamoor. Mh 438205 


Airc and Radlation 
Environmental Protection Agency 


‘aan VV ome a 
a Wee aie 
pe ar ree 2 

Y ; OF Gr MP 

We f 

MAR 17.1997 
TR FER 


nLSSions Controal Technology Oi siston 


ay : : 
ne S TOR 
aoe “4 2) He JAR at 
aaer Dees ese". §7\\; 
: , i y 


‘ 
= 


_ pat ae PERRI SES Ao efirehive 
a ee hg ee ly ne ae 
“a, Siegert Srinath fo 


norry 7b ee ‘ 


— 


a 
ree 
2 
Leis 
et 
aaah) 
ai0 
Birk 
Lee 
31 
Cg 
oes 
ae 
ws k 
3.1 
ares 
ieee 


wee 
| | 


lad tod 10d Cd bed 

. . . e 
‘ 4+ W 10 
. 


ds Js 


e e e e . ° . ° ° 
mW WW PP WI FI 


eS ees 


Nw l- 


Fae gr 


INTRODUCTION 
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Alternative Fuels Addressed 

Usage Scenarios Addressed; Tracking 
Organization 


BACKGROUND ON SI? INVENTORIES FOR MOTOR 
VEHICLE EMISSIONS 


PERSVERI CUE SEMe oto NeDUCTIONS Wit 
ALTERNATE FUELS 


Oxycenated Gasoline Blends 

10% Ethanol blends (3.73% oxvaen) 

Exhaust 3C, CO and NOx Emissions 

Evaporative HC Emissions 

Methanol Blends with 3.7% Oxvgen 

sxiaust HG, COmano NOx Emissions 

Evaporative HC Emissions 

11% MTBE Slends (23 oxygen) 

Exhaust HC) (COmandwnOxXe= mis Slots 

Evaporative HC Emissions 

Simultaneous Marketing of Ethanol, Methanol 
and MTBE Blends 

Compressed Natural Gas (CNG) Vehicles 

Flexible Fuel Venicles 

Dedicated Methanol Venicles 
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General Aporoacna and Model Year-Specific 
Adjustment rFactor 

Partial Penetration by One Blend or 
Vehicle Tyve 

Simultaneous: Mar <eting of ATBc, Etnanel, 
and/or Methanol 3lends 

Blends ard CNG, FFV, MSS and/ore M100 @Gaesare 
Model Year 
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Instructions on Calculating Comminaling 
Effects When Both Methanol and Ethanol 
Blends Are Used 
Formula for Quadratic Interpolation 3asecd 
On Blend Market Share 
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Ae Socument orovides methods and asstmoc ions he 
estimacinge! *thel impact "of. § uses’of@talvernative: -fderss andes, 
otencés on motor vehicle emissions. * The information isi mresentes 
.nt.a format’ ewhichtiassumes) itt wilhedsed by.4Stasetand Losai wae 
quality olanning agencies in preparing current and future 
emissions inventories and emission ‘reduction strategies: cura. 
1937 6 1988. -and 1939. Such planning efforts will be necessary 
in reas which receive calls from EPA for revisions to thei: 
ozone or CO State [Implementation Plans (SIS) following “heir 
Failure to attain (Of in a few cases t6 orovide Eor ateatanen. 
in a orospective sense) the National Ambient Airc Quality 
Standards (NAAQS) for these vollutants. as of thes ountica- oan 
eate sof this > resort er ePaA, whas einoteaver proposed svec. 4c 
requirements applicable to these SIP calls, but is expected to 
do so in the. Federal Reaister by the fall of 1987. Anite sre 
details of the requirements are not Known, it is cSrtatn tna 
many affected areas will need to estimate current and) future 
vear motor vehicle emissions. Use of alternative fuels and f:e1 
Slends is lixely to bce part of future scenarios® snae will se 


examined in many areas. 


Adherence to the methods and assumptions in this docun 


= ie 
when oreparing SIP revisions will facilitate EPA review and 
avoid tne need for States to justify those aspects of ners 
analysis. Differing assumptions and methods, if used, will Se 
subject to closer and more questioning EPA review. hie 
cases, final EPA approval or disapproval of a oarticular State's 
SL? revision occurs only after notice and Opnor cuniley cor ogee. 
comment, including any comments on the methods and aSsumot 2 


recommended here. 


“hile? wot: .specificabbhy, addressed «ithe Sintor mec on 
document may be useful for estimating the emissions 1 
smaller scale use of alternative fuels rnan Gain! 
contemplated in a SIP revision. 


he rceader is warned! that” the methods ?descrioed i eee 
© have not been cast into the form of 2 seli-con=7 
r model or single look-upo tabdle. At ‘the oreseseucoas, 

sand calculation andéntranscriotion, of \intesmedtate “sesieeeeas 
Peep ds The resourceful olanner may be able ¢9 automate 
teos, however. 
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Aoos Neale Tels “Addresses 

S25ar2 53 information is Drovided for” the’ fot tow tngescass ace 
s 3£ iscels. In some cases cross references are made. between 
3 3 @a@v¥Old ranetition of “numerical” informat'von “hac cen 
vy £9 mor2 than one fuel. 

fo) LJ$ 2tnhanol Slends (gasohol). 

fe) Methanol Olends (including DuPont’ and OXinoly. 

° Metnyl Tertiary Butvl Ether (MTBE) slends. 

° Retrofit of gasoline vehicles oo achieve dual-f.61 
gasoline /compressed natural gas NG) ‘capabLllicyv anc 

S Mr g s i 
new CNG vehicles. 

°) Newly manufactured "flexisle fuel" venicles cavabdle 
of operating on gaasoline/methanol mixtures canscinsz 
From 100% gasoline to 85% gasoline/15% methanol. 

° Newly manufactured vehicles designed for ooers7:isn 
onlv on a mixture with at least 35% methanol and 
employing “current” technology. 

fe) Newly manufactured vehicles designed for cerae son 
only “on” 100%” methanol and  emplovina ©” advances” 
technology. 

Jsaca Scenarios Addressed; Tracking 

“His  qocument “addresses “Onivy New 1ssue 62 eo eee 

cle ef Sects when operating on. an, alternative (742, +, 
rnment orogram on altecnative fuels could” taxs @ variecyv 
S witn respect “to “requiring or. encouraging Che Uwseme. 
eniarive. afire ls. A regulatory mandate? £9 rcequire certain 
eles “So. Use one Specific. ~fuel*"is “one Savoruec.. re 
Swing are some of the other forms a government srogram micas 

O a regiicement tnat all’ tyelwsold™ for ssem esse 
yenicles have a minimum oxygen content. Desendinc on 
rhe oxvgen content requirement, ethanol Siercs 


(gasohol), methanol blends, and MTBE DSlends miaqnt 2:.: 


compet2 and achieve a macket share mix that ieoenss 
on relative cost and local’ consumer 3257.02 
ef ln he conditions. Presently, a miaimum x aan 

=: "y Weg eo 


eontent Of  anvtenringe MOres (Cilatl) sc.5 oe Wee 
marcxeting of MTSE blends in unleaded fuel, 51 
oxygen is thelimit of EPA's “substantially sim 
cegulation.l4 The macket snare mix must 
oredicted to calculate the net effsct on pomis 


Syl each of these three blends affects 
L&E€erently. 
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Sa shook vel of the marketing chain) achieve 4 
cotta lanjaverage:foxvgen @contenta-in ts etsrocacs meres 
some reporting ceriod, with trading ofS. oxvaer 
“Ccredits" among wholesalers. Such an “averaging with 
trading" approach would make it possible to svecify 2 
linimum average oxvgen content greater than 23, 
wlcnout necessarily forcing MTBE* blends? on #?aven 
oxygen-free gasoline from the market, since 
wholesalers of these fuels may buy credits for theic 
oxvgen defielt and adjust their srices accorcing ly. 
This feature may be attractive to areas wnicn desire 
larger . ‘CO ‘emission ® reductions) but? which@@@isa sao 
preserve consumer «choice. ' One complication would Se 
the more elaborate record-keeping and enforcement 
program required to ensure compliance. AS =*in “the 
Simoler example above, the market mix of fuel tvoes 
must de forecast to estimate emission reductions. 

° A cequirement that certain types of fleets rcatrofic 
all newly purchased vehicles to operate on comoress3é 
Natural das. 

fo) An initially voluntary but by agreement irrevocable 
and enforceable commitment by a large fleet to use in 
alternative fuel. This might be part of an emissions 
trade agreement, for example 

° An incentive program for use of one fuel or a grous 


of fuels based on ges cee lh in State oretloca) 22. 
taxes or vehicle sales taxes. 


° Ais promotional sprocrams oSased Tsolelys oi ecole tea 
Ia ePcisat lon. 


Predicting how many and which tvyoes of vehicles wiil use 
each tyvoe of fuel in response to a specific planned government 
NeOGram is ans Gmportantt step ain’ estimatingeits S4f ack toneaae 
yenicla fleet emissions. This document “does not attenst t§9 
Dsrovide standard assumptions on usage of altarnative fuels. 
Instead, States must demonstrate a reasonable oasis for their 
own estimates of fuel use by type. EPA‘ *techinical -sStact sacs 
avallable to discuss such estimates before States invest heavily 
in analysis or planning based on them. 

iyciswexpeccedy that EPAG ifocthcoming od licen) soe —e aoe 
nonattainment will cequirce affacted areas to both adon Cag feet 
reduction measures and° to report “serrodically -to EPA ca <Ae 
status of theic implementation efforts and on the vear-to-year 
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cianges im caietr emission inventory, “lf Enis inveneocy ~- ee aes 
S¥SlemM_ . shows. sioaniéicant ,.diifterences.. Setween, t£he+- exseccsc 
wiventocvy strend..and tne gtrand.that sactuallyesvoccurs, 6s came 
Like Ve rieciire sone Gort .Or correct ie, (Or Eg Ce ACTA Oo. we 
-1¢. area.i.otates, whicn .-adoot. anwadSernavivue fuels + sr ocrag sais 
receive EPA aporoval for emission reduction estimates based on 
oredicted Cuture usage levels-»as a result of that ocogram, wide 
28 cequired _.to.. track, and.. neport...0on. wobual aeirecies woes cee 
Sienificant errors in orediction may require further revision of 
i iea chkie 
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a final usage issue relates to seasonal requirements o 


incentives for alternative fuels and how to oredict usage in ina 
off season when use is not required or subsidized. For examole, 
an area might require all gasoline-type fuels to contain 32 
certain minimum level of€. oxygen only in winter. months, Dut enis 
mav indirectly result in substantially higher use of oxvgen3assd 
Leos «uitl eSummes eamnontac. Devencing on a aumber of factors, 
Summer time VOC emissions may be increased or decreased 25 : 
resule. Areas adooting winter time altarnative fuels psrocrams 
snould. exolicitiv ,oredich. shelr effect, «101 anv. Ohebsiate eee 
JOC and hence on VOC reduction targets. THis docunentwcanass 
used to estimate summer VOC effects, but only given an externst 
orediction of fuel use by type. cach State must demonstrace 3 
reasonable expectation that its orediction is accurats.) (SSs ma" 
recuire actual use in summer to be tracked and reports 

1.4 Organization 

This document is organized as follows, 

Section 2.0 orovides some background on how 0cot7 perme 
amlssion inventomies, ace ,estimated -aparc= stincamethe conmpercs 
cosed ov alternative fuels. 

Section 3.0 presents the core technical assumstions 435052 
the effect of each alternative fuel on various (tyses Ge 
yanicles. These assumptions are for the most part nok caerives 

rc defended Ln tiis, document, but aporocorclate cetcsrsncesma 
qgtner documents ar2 orovided. 

Section 4.0 explains how. these core assumotions. can os Uses 
ae iy ae che .outoue of woOBnBICE to ipa blect ~anewalwernan tes eee 


Saction, 35.0. gives .tnstructlons. on, Ow sO O03 the geen owe 
eacia rsions.? Ee. MOB.LLUSS Ss EORDRAN Scadenssa S 29 achieve - 


3 
ewthe steos, described in princiole in Section ag, 
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220 SSACKRGROUND: ON-STP UNGENTSORDSES. POR MOTORGVES TCU Ca eee 
Except. €or Calbforila dreasqGt SPA requires thetmotst vaasc ts 
enras Lom =Anventoties. tin Palle sozone, 2meG, Wands Noo aa .eylSsihcrd 
tO Se sSasec On the most recent available version of EPA's mosile 
source emission factor comouter model. The current vVergilonrass 
MOBILE3; MOBILE4 is under development and expected to =a 
released in the fall of 1987, for use in “prenaning. (tyes .o 
revision for ‘which EPA will call in-‘early 1988. © MOBEBLE4 wilt se 
spdated internally with new information, and will also allow 
olanners to "account? Gor ¥ thei-datlvence of some) 'tactoceua 
addressed by MOBILE3. Externally, MOBILE4 will resemble MOBIL=3 
and' will Se used in the same manner by planners. The discussion 


T 
“ 
T 


t fCollowst@wille@teter, mostly to MOBILES, sut will) seo. 
MOBILE4 also. 
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The furetion ~of “MOBICE3 is to orovide estimates soc. 
average emission levels of in-use motor vehicles, exoressad in 


grams per mile. The normal output provides average levels éfsr 
each of HC (eLrther toca. Or non-methane at the usec's 
a@irection), *C0y and Noy). €ote dacht vehictes tyosi santqec ores 


vehicle types averaged together. The Following wWenicie 2 se. 
are used.: 


O° Light-duty gasoline vehicles (LDGV) 

fe) Liaght-duty gasoline trucks below 6000 GVWR (LDG71) 

° Light-duty gasoline trucks between 6000 and 38500 GVWR 

(LDGT2) 

O Light-duty diesel vehicles (LDDV) 

fo) Ligne-duty diesel trucks Selow 8500 GVWR (iLDO7) 

fo) heavy-duty gasoline vehicles (HDGV) 

fo) neavy-duty diesel vehicles (HDDV) 

fe) motorcycles (MC) 

A**Slannérc  tyoically* wishes “to Yestimgtst Motor we igo. 
amissions' of a "given oolMutant ‘fora certain city? vans indiwesaas 
roadway, or a collection of similar roadway segments for a y2ar, 
Aveday | ~soc- san» MoOUr:. He or she would do this by making ofr 
4orainidd = an estimate! of ‘thle “numbesigo tt ventel a nities) scans -ae 
(Y4T) in the ceographic ar@a and time oerciod o intest 3s) rs 

Srogices 


aultiolying it by the gram perc mile “emission factor 
by MOBILE3. 
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79. allow che olannec. to get-an.“emission factor" enat is 
caoresenzative of the geograpnic area and time oeriod under 
invescication, MOBILE3 allows the user to specify a number of 
fale y Se parameters sto, reclect Wvwocal® <concitdions. Tne «more 
impQgr cant of cnese, factors, are knesfollowing: 

e whether the area is at low or high altitude 

fe) the VMT split by vehicle type 

O for each vehicle tyose, tne age mix of  venicts 

registrations 

° for each vehicle type, the mileage accumulation rate 

Dy age of venicle 

2 ' amblent temoerature 

°, average speed of the traffic in the area 

2 the mix of cold versus warmed uo vehicles 

fo) the features "of any vcerlodic Vehicle icswe=— a 


Orogram operating in the area of interest 


° local tampering and misfueling rates 
fe) the calendar year of interest 


me last Lt]m is very important ae it determines) t12ee. 
= L2s desicned to different emission standar2s “se = 2 
ace and therefore deterioration. 


Tor every input parameter except calendar year, MOBIL=3 (or 
its user's manual) orovides a default value for users eee 
#isning or able to use local conditions. The @efaulestaenecce 
reoresent summer time nationwide urban conditions. 


Tae influence of some input oarameters 1s very strorc pean 
sie overall emission factor outsut can Vacy SV a. taccor so. ee 
we or more SY setting some inputs, to extreme but stp leces oe 
Javues. Speed, temperature, and cold/warm mix are oarticularcly 
ineluential. These inputs can affect the relative conte tae 
OE dizEerent venicle tyoes and vintage, cto the overall joes. c.o 
Factor outsuts, as well as Lts absolute wlevel. 


The default inputs. to MORIGE3 are also €he conditions. 


the official Federal Test Procedure (FTP) for vehicle 2missions, 
wnich is used for rcegulatory ourvoses. The FTP conditions “are 
also used in nearly all cesearch projects involving vshicls 
eMLSSLONS and factors that affect them. In Parcicurar, 
yvyictually all eceliable data on the emissions effects of 
alternative fuels has been collected under these ste 
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five: SuekseforsSD> pursoses. is toe orovide; as Wwavert 
tess cats collected tinder FTP conditions ane 
Onseesiacingieeindividuale STO planners. Cie See 
ed ov the metnod oresented in sudsequent sections. 
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This document does not address how local inouts Ear soc 7c. 
should)<be .-estimated;.-‘or-. methodss. for.- estimating, VAgeeia 
Sarticular area and time period. EPA Regional Offices should o& 
contacted for guidance in these areas. 
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gol - Oxcscematec™Sasoline -Blengs 


ye aeeee YO Ethanol Blends = (Ps7+8ox%cen } 

ce she *intormat ton *in¥sSection SVefs4 simmar pecausee 
ne s£rA reoorts on tne effects of Euel volatilicy nee 
sions.1,2 Much of the information also comes o- 
yses and test programs run by the Colorado Devoartmen* 
for exhaust emissions of venicles at - 
bi, 7 and from Btateo eo a analyses Ot 
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i1,12,13 Mucn of the Lnformation in to 
anol blends is applicable to methanol blends an 
ent, MTBE blends both of which are discussed 
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eek ek Exnaust AGs = COnanah NOkeEniss2ons 
The use of an oxygenated fuel blend such as gasoline w 
§ ethanol (aasohol) cesults in an enleanment (rre.; a 
n foc fuel combustion) due to the oxvgen contained in 
Me SaLe s Fuel metering devices on vehicles 35 
etors or fuel injectors (without an oxygen sensor 
vgen sensor out overating in the “open looo" mode wh 
c is not functional) usually meter fuel = Vee 
etricaliy. Thus,» the oxygen “in the ttel ssut ee. snes 
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a and mor2 total oxyqen reaching the engine for ¢ 
ompustion since the amotnt “of “air “vs- not-diminisned. pha 
STrelal “mixture ‘On gasoline 1s "rich* "of" Steilcitome +... sie 
ment cesules) in raduced exhaust AC and "CO; Sucecarces 
increase in vehicle nitrogen oxide (NO...) emissions. 
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osed-looon vehicle with an ooerating oxvaen 5 
f the engine will try to compensate for th 
te allen =} = fuel’ *by'? <rnereasing™ the @Poue rete w 
rev Mesrracnhteveds = Fe Les Cieiweys tetera see 
trol authoritv, such a venicle exoeriences 1 
t'' due’ “o' the» Slend for those tsorticons, « 
ren =the ox¥Vaen = sensor "1s *Sunctronring@= ana 
ine. Thus, one exoects a smaller aosoluce oc 
SC and CO emissions from vehicles wlth oxvaen 
1981 and later model years) tnan earlier 
and perhaps a smaller oroportional reduction 
5a ‘qTotead/* however - Etat “a -elosed=-looe "ven rem 
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The Uctidns& int aC) ands CO#Mareit cener atl vtiassar sae 
waticles*act high altitude #sinces@ given volume* of" airaare noe 
Sutivude Aas lower) density and Less oxvgen, | Open-=lodp yvanicls 
qyoerate! cicher- more often’ and *to."a gqréaterc® degrees thant Sas 
wOousdesas Low “alsitudeiywhich results) ano ¢gredter! gramsstherenis 
emission reductions due to the enleanment Thet-same! joss ae 
closed-loos vehicles during their oven- loop modes. 

Various organizations have done extensive tests under 15 
altitude conditions on oxygenated blends providing a nena dat 
Ssase that can Se used to quantify the effects of these blends 95 
emissions. Only the Colorado Department of dealth has conducts 
and voubdlished data from exhaust emission tests on numeroxz 
vehicles at high altitude. 

EPA has reviewed the availaodle data and performed sever: 
statistical analyses to Setter quantify these emission efiscts 
Tadle 3-1 lists the exhaust emission changes eaxvectsad wit 

oxygenated @blends “for'® fuels S with 4 3.232 oxvqen Ulisasono oes 
methanol blends) and 2% oxygen (an Ills MTSE blend). "yg 
seoarate low and high altitude data bases indicate essential: 


a 


wic-ssamne CO effect "of olends on a sercent Sasis, as SiNowne eee 
table. Since the effect of altitude on HC and NOy emission 
is much less than on CO, and comolete Summaries of the Al 


8 rye | 


alsicude ? EC and .8NO,i data have iaenotrebeent= sablisueds, 
sercentage changes for low altitude have seen used for the his 
altitude cases as well. Both CO and exhaust volatile orcan.l 
compounds (VOC). decrease whtila.NO, tncreaseés 26 VOC eoineet Sacg 
ar2 ch non-methane hydrocarbons with adjustments made ¢ 
account “for the Lower’ photochemical reactivitvof mefadnoly 
oresent. 

Only limited data are .-availlatble “for. sttndg YWelosecateg 
vanicles maxing these estimates more tentative. One ver 
soortant cont “to “note ts “thats some Outi anot- batt fee oe 
closed-looo vehicles are equ ioped with “adaptive” Learning. 
Proverly Functioning venicles with adaptive learnin 
continuous 1% oeRees : their onen-loop fuel calibrations Sassa°c 
rhe most cecent period of closed-looo operation. Thus, cole ate 
comoensate at least parttally for fuel-caused enleanment sven 
Aran “kte oxygen sensor is not “ini"¢ontrol; suc astaut imo. 
starts and Aeavy accelerations. They may also not tun as. e2<c 
ist fai Pirie Jénodes)¥"as’ simpler: elosed=€o0o: =veankitiles: ores 
vehicles are expected to have lower exhaust CO (and Heo 
reductions than earlier closed-looo venicles. These lowe 
rasuctions sxsected for the adaptive learning vehicles aay no 
sa) ud cet bacted@in the -inited test Mata avallaore. 
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92.59, “oneceases “1n “RVP,” as can “occur "Wilts ethanol *slesee 
ret oe eee yee jeen adjusted to meet oe VOLls See 
SJ2ctveicas ons,” cause” an increase ‘in “exhause” amiss fons” For 
aXanols, an “cncrease in “RYP of about lb. sS$1 "resiilts ZAsadogcea es 
sncraas2 in axhaust hydrocarbon emissions which is ineTudead in 
sne one column of the above mentioned table. 

2 Redad ge Evacorative $C Emissions 

=vapoorative emissions consist of hot “soak and disursai 
emissions. Hot soak emissions Secur during tne osersi¢d 
ammediatel following engine shut-down (i.e., at the end of 2ach 
yenrcle “t=.5). These Losses will “ortginats from Bota snes ee 
metering svstem and from the fuel tank. These emissions are 
Sreater for carbureted vehicles than for venicles with fu21 
rejy;ect fon. Diurnal” emissions consist’ ‘of  “hvdrocarsods* soc, 
evaporated and displaced from the vehicle's fuel tank ASP sree 
vehicle tracks the diurnal swing in ambient temperatures. Facn 
Gav, as the fuel in the tank and the vapor above the fuel nsec 
uo, more of the lLicuid fuel evaporates and the vapor itselé 
excandas, with both pnenomena causing hydrocarbons to be raleassi 
elew est @ ba a1 S en O 

MOB ILE3 pCER EE tnat ‘each vehicle makes’ 3°05 Gatty =€rgosa 
totalling 31.1 miles oer day, so that there’ are 3.05" incicencsae 
Steno soak alee tene for every diurnal emission. Howsver, in 
SEEMS the relative number of hot soak and diurnal emissions 
vary witn vehicle age since older vehicles are used for ‘fawer 
aqaliv’ =risos (and also*® fewer miles* but ‘not in “exact srosorkiogs 
oe. newer venicles. MOBILE4 will account for these 
Gilterences. Also, local areas may in MOSILE4 be abla  =3 
“Sots fatima J oa ie tp BL Sey Lol ale ai}, To account ~‘for *'this* + se@curacatyv sae 
assessing alternate fuels would Se very difficult” whth "Moseeeg 
an= serchaps also “in MOBILES, ‘and 15 Seyond* thls documenc. 9=...4 
cCocument uses the fixed weighting from MOBILE Cor “al ieee 
yenicles. 

This ce@nort gives data on evaporative emissions witn Soethea 
Yow “and “high volatility; fuel of °9 and Si ostoeees = cee 
wLasility varies Erom one™oart of “cne country) or encore: eee 
examsl2, in most areas of the country, the recommended oS nye 
Levali during the “‘summér ‘months! is? generally: 0.5 Sst, SccGre. 
some areas nave lower R2VP but Niaher average temoeratures ana de 
higher altitude which lead raf 9 approximately aquivaleanc 
emissions. ror the “‘ourposes of tnis "report, the” 11. 7=3S2.202 
ieee oe “asst fOr ~ tte ail oo SoS: Bee cso. tne +O. dos 8 ee 
Ya.ues are codvided Secause- EPA itttends to Sc On0sa sa) N25 an ee 
wee .o ost “that wbprtl “acoly Esc* some "years =~ COre al ies ee ee 
local planners will wish to estimate blend effects. These swe 
cases are evaluated separately because evaporative emissions ar2 
a non-linear function of RVP. Thus, the effects at one av? 
level enuld not be easily evaluated based on the effects at the 


otnerc level. 
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alcohol Increases. R2YP compared to 
thion® of erhvbl-aleonét—fethansl) fc 
in RVP; since tne resultant _blend is nao 
imi Cs; ~theyiinel Slend will Se about. f ede 
can exceed ASTM levels. (Claims by some 
smaller RV? increase with ethanol are 
SCONSiStent wisn the majori-y of: &he cata cli) tiem. eee 
Evasorative emissions from an ethanol blend are a mix of 2 
and gasoline vapors. It is important to note that scual 
assumed to result in equal moles of diurnal emissions; the 
molecular weight of ethanol (46) versus the typical evapor 
nydrocarson (64) results in slightly lower mass emissions. 
factor has been accounted for in the tables. 
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Addition of ethanol fe gasoline also changes e 
distillation curve of the fuel and, in particular, increases ¢ 
percent evaporated at l160°F. The increase in the 160° so: 
has Deen shown to result in an increase in hot soak evaoorariyv 
emissions even though the fuel RVP is constant. 12 


another important ohenomenon to consider with sasonol 
olends ls “commingling” which refers to the” mixing 2 
gasoline/alcohol blends with non-alcohol gasolines in ven: 
fuel tanks whenever consumers switch from one fuel tyoe ¢t09 
otner when refueling their vehicles at a service station. 
resultant commingled blend consisting of a mixture o£f daaso: 
and gasoline will have a higher RVP level than the simple volun 
welgnted average of the gasohol and gasoline. With 50% marx 
penetration of gasohol and 50% gasoline, a maximum amount 
commingling of the two different fuel tyoes will occur. T2auee 
3-2 gives these values for ethanol blends. If the mar<e 
netration of an ethanol bSlend is other than 503, a comm! - 
2 should de determined by use of a quadrati 2 
uch the three points given for 03, 50%, anc. [00% “¢ 
a, The subject of commingling is discussed in nore sa 
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re sei g y- We Factor has been raised for ethanol 5 
SOnceriing me relative reactivity of ethanol ompare 
hvdrocarsons in either exhaust or evaporative emissions. 

smog chamoer data have Indicated that on a carbdon-foc-<ca 
basis athanol VS OO vee elon Ly Less reactive tan 

hydrocarbon compounds in exhaust and .evaporative. emecatons 
tats slight decrease in reactivity is not great enougn 
credit for “ozone"™ rceduction for the ethanol content of 
avaporative or exhaust a2missions. However, etnanol has 
Cardon atoms per gram than gasoline vapor, so an adju tas 
tuls as been incorporated into the evaporative VOC esc 


m 


(DSTO OR, 


cv 
Oo 
WMG 
Wn i tt) > t- 
iD rss 
es aU 
(, WD (tb 


rye) et te 


im wv 
ib 


26 Telesis to 927 
exes So @eleibbé  .enilozac 
) On? eatin <:€VF mi #8e¢ton2 
Te tenet? off asin: ) CVS Tea 
MeEA  Benwsve neo 
SVE rae a I 
& Written efs f3 ie 
oie Sonens® pre efo$ eneodes ire 
in ‘Be snesiterh +i 2° .eehsey ti 
i densyde > pec br sheahg ik fl Slyae? 
e¢ 5S SOY PP’ jer istex 
Revod ad ‘ 


= 

J - @ - * 

ae4 ve zal a) , ba *! é Ie 2 

J i - Oi? 38g fl 
pao. oa “pe hi 


toate ?.. eate-> 
a Me SHE eCe> 33 


a) "aebhenes «2 

7 ry ie a: ~s co 4 @* 
eee: |s te3e° 

vo ne meri loner Lone 
eee ich eho mei® . 

f 4 esivsee «s :# 

. neces Jove 

er Ls Sh 
m6 .eniise 

‘lee Secys 


? 
47 


ih 
® 


i 
a 


g 


ra 3 J 36° DSsefa= 
a D weatse 7f ‘ - 
see, Pe Vis S ogsye = 
5 ; ne. Gefs, eses 


{ ; Pe iv 5 geet | 
eins * pia. Seawges bre 2: 
| al ar non 7 oe 


Bb fenmadse arc 
NP of 
pec iede Onis rrey 
— 2 nee 


at 


Sete “M2aehnanol Blends with 3.7% Oxvaen 


To Gat2, two different waivers for methanol’ 5slends “have 
Neen “anoroved. “The first “1s 'the-ARCO Oxinol watver €or aoe 
2.75% methanol and 4.75% t-butanol as a cosolvent alcohol. This 
mixture has an oxvgen content of 3.5%. Variations in the amoun: 
of tne two alcohols are permitted as long as the methanol 5 
cosolvent ratio is not over one to one (i.2., more methanol than 


cosolvent) and the total oxygen content does not exceed 3 
The second waiver is the DuPont waiver for a maximum of 
metnanol and a minimum of 2.53 cosolvent alcohol with a maxin 
Sila. meOKVOeEO eCOTs Site eo Leet. 7 54 The cosolvent alconols can 
etnanol, oropanols, or butanols. Use of 53 methanol’ and 
etnanol results in an oxygen level of 3.7%. Use of vsrovano 
Sucanols for cosolvents would result in lower oxygen leve 
only 2.5% cosolvent alcohol were used. 
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eee ee Exhaust 83C, CO and NOx Emissions 


153 mentioned dSsefore, the exhaust emission effect 
only on the Fuel oxygen level and RVP. Therefore, 

aoplies to methanol blends. If either the DuPont 
waiver bdlends are used in an oxygenated fuel orogram, it 
important to have the program specify a minimum oxvgen .leve 
If the expected average oxygen level is less than 3.73, 
reduction in exnaust HC and CO emissions and the increase 
NO, emissions should be adjusted Linearly from the values 
Be OLOl ests allel matic ora Oe sci 
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eri tes 2 Evavoorative #C Emissions 


TadDle 3-3 contains the evaporative emission e 
methanol blends, wnich do not deovend on 4xact oxycen cor 
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Addition of methanol to a base gasoline generall 
im an increase of 2-3 psi RVP. However, the resultant 
suoject to AST™ volatility voarameters unlixe gasonol. T 
VOLaALLErev oft the *Stend “is adjusted™ (ator; Oy onroc 
cemoval) ‘to decrease the volatility. For tie nus veoseseso 
document, it can oe assumed that the RVP of a metnanol 
ii. Oe ES Sane: .asatiate.of are ggascline Petcissolacose 
marx<et slace if gasoline in the area 15 on average anous a 
Aol AYP imi t: However, if various fuel surveys (such as 
MMA or NIPER summec surveys) show that gasoline in tnat area 
dnaerethe ASTM TVimit’ (a7qe, bY about IS Ssry 7" tiene toe neces 
gies foc +l oSi *XVP “for ei tweets Eye 2 Scat woo es eee 
be used 
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S9tTA Smog chamder and onotochemical oxidant modeling dats 
ridicats tidcveme+ tan t 1s about 0.43 times as reactive as £5: 
nysrocar Sogs. .rreser in vehicle exhaust on a carbon-f£or-zarton 
basis. ror, «ie ste rae ys ¢ lons this value is used. alsq, “=he 
~Ower molecular weight of methanol versus gasoline evasorative 
Aycrocarbons (32 versus 64) reduces the evaporative emissions 
ar soe Included | ing Table. 3-3. Evaporative emissions from 3 
yvenicle ,using a methanol blend consist of ‘about 15% "metrxancr, 
and methanol hasS aporoximately 0.44 times as many carbon atons 
ser gram as gasoline vapor. Tals cesults inv anal tea cee 
0.378 times that of gasoline vapor on a mass basis, which fas 
seen incorporated into the evavorative numbers in the taodles. 

If .the market penetration .of a Slend is other Ehan Sut) ce 
100%, a commingling value should be determined by use of a 


Guadratic equation through the three points given for 0%, 503 
= 2a 


and 100% market share. The sudject of commingling is diseu 
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in more detail latec. 
Oh ees | 113 MTBE Blends (2% Oxvaen) 


While EPA nas granted a walver for use of 7% MTBE, 
sudsequently issued rules permitting use of oxygenates of 
than methanol in gasoline up to a level corresponding #9 
oxvgen, Basan that such levels would be substantially siz 
ae gasoline.l A 2% oxygen level would permit use of an 
MTBE blend wnich is therefore the maximum level ores 
sermitted. A new waiver application would have to be subdm 
to EPA and avovroved for use of higher MTBE levels. 
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S12 ae gl Exhaust 8C, CO, and NOx Emissions 


It is assumed that the changes in exhaust emissions = 
Sam Or a LLs.. MISewoWi cae do 2a, pOxYORN | Love leew i L aeere pat Ls 
eis i 


l 
Srooortional to the amount of oxygen oresent. Thus, the va 
ar2 a direct proportion of the earlier values for ethanol 
~eeranol Olends In Sections Sal.l.f sana 03. Le 2 sk. eC ees 
Sek ae 2D 
che gees evanor arivs BC EnLsstons 

mddiztion of MTBE to gasoline does not result in tincrea 
avo? ein cack, some limited evidence ‘indicates. Cust (tiers. 
a Slignt deccease in RVP. However, ll MTSE will increase 
150° coint. 19 This cesults in increased evaporative emiss: 
33. mentioned in Section 3.1.1.2.2 Values Tori sbals. 22nees 
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The emission imoact for partial marketing of on 
nd can de handled easily as explained above and 


exnaust and evaporative emission imoact can 
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g the avorooriate tables. the stactory, forw. A 
uded .in, the stables: is» relatively. straight forward v€ 
le dlend. 
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However, simultaneous marketing of several differen 
of blends with or without gasoline also being sold ra 
possioility.of different .t-voes, of scomminghing;«sughe as 
SOlend with another. However, estimates of ¢th comminad! 
affects are available for only blends with gasoline and not o 
Slend with another blend. Some simolifying assumotions a 
needed to approximates the effects of such cr eosseolenc 
commingling. It. will. be assumed that MTBE Slends alwa 

Llixe gasoline when commingled. For example, commingling 

MTBE blend with an ethanol blend would have the same effac= 9n 
2VP4.-as. commingling of a gasoline with ansethanol-blenct ster: 
also Se asSumed ‘<fnat when an etnanol blend is commincled witn 
methanol blend that the etnanol blend acts Like gasoline 
it undergoes a sizable RVP boost. Appendix A  osrov 
specific method to oredict the emission . changes 
Goamingling iLfqeas large» fraction: shace: ef< Sorh a mer 
ethanol slends are expected to oe used. 
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3.2 Comoressed Natural Gas (CNG) Vehicles 


h smaller quantities of ethane and propane. 
cestea large. fraction») (aoproxrmat= 7 37G5) 
St. Since methane is shotochemicaliv 

exists for lower ozone formation 
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Comoressed Natural Gas (CNG) .cansists) sainlvego tase <2 
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nm products. Also, the combustion cnharace 
leaner flammaodility Limits, better mixing wi t 
E- <combustion) could st each tos, OOth sel ower 
ns. The Limited data fFrom several ditferent 3 
SSSLONS with) CNG are Ss conelicting. MLE Sua 

a that a decrease of NO, sup sto1s204tpenenicloccer. 
ry Of the data tindicate an inereases (usiite SOsipenis ae. 
to the leaner combustion as well as methane’s celacivs_- 
h flame temoerature, an increase in NOx, would Se expected. 
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factors affecting the retrofit scenario in some detail. ee 
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nc@s in smissions for CNG venicles given Later eacacgn wo. 
rt ~w rew "and Cftroritted “vericies, — Very fra ced da: 
2 on emissions from CNG -venicles, however, so 
“sa ie Eats section would have to be updated 
Vailaole. EPA ‘would consider ~ using” dt 
uate data are available to support them. 
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walle numerous firms oroduce and market kits for converti 
line venicles to overate on either gasoline or CNG, ver 
le reliable data on emissions of converted vehicles on CN 

gasoline have been obtained. There is some re 
Dect that some kits, when installed improperly, mav z: 
nmcreases in emissions when overated on gasoline, and e 
CNG WATC.1 “ace NOt StonrcCicantly. lower (tac all. 

an arcea were to make CNG conversions a significant part 
attainment strategy it would be appdropriate and aqui 
ible to ensure that only proven-effective kits are used 2 
only competent mechanics install them. 
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Also, ‘CNG Can cesult “in a deterioration of dt ivesoiie eae 
aescower Foss. Fleet operators may readjust the vehicles for 
ricner ovoeration to improve criveaosility. Thus, Leo would eos 
necessary to nave a orocedure implemented with CNG use assuring 
that vehicles remain correctly adjusted. EPA would be availasls 
fo give advice in this regard, and may at a later dats even 
recuice or recommend specific safeguards and specifications for 
Yarge-scale conversion programs 1£ they are to be scart oF an 
approvable SIP. Therefore, for planning purposes this documenc 
assumes that emissions of all tyves of gasoline vehicles will se 
craduced by the following percentages when operating on CNG. Oxuea 
“oO tre limited ‘nature of the ‘data used “for “making. tres 
estimates, EPA plans to revise these estimates as ore acts 
secome- aveilaocia.” Due“to> lack “of “non "al .1 tics Ga2e ee 
assumed for now that the same oercentage changes apdolvy 9 Oc=n 
Low and nigh altitude. 

ne tae -40% (Includes effect of reduced 

reactivity) 

one -50% 

jOx: +403 (NO, emissions" generally ine ea 

wLth "CNG? and “this. RUMmbe= Some 
average of the data range) 

ety poke!) hele -1003% (assumes no evaporative emissions) 


ZEPA will allow areas to assume that emissions when oderacing on 
zgasoline are not affected by conversion. 
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In any oractical conversion program most conversions wilt 
Likely be of new or fairly voung vehicles, since these are “n> 
tyO0es operated oy self-fueling fleets and since the economics 3 
conversion are mora favorable the longer vehicles will cemain in 
service. although the availaodle data are mostly from Light-durcy 
Reucns and Ventecles, “SPA Sabteves that *fhe above oercentaze 
r2ductions may be reasonably aporopriate for conversions 0 
cecent and future technology gasoline-fueled passenger cars, 
lignt-duty trucks and vans, and heavy-duty trucks and bsuses, 
Furtnermore, tnese sercentage caductions are assumed to apply a: 
all ages. Very limited data are available on emissions from CNG 
yvenicles, however, so the numbers given in this section would 
nave to be updated as more data become available. EPA would 
consider using different credits if adequate data are availabla 
©O suoport them. 


Flexible fueled vehicles (FFVs) can use either sasoline 
fuel or a methanol/gasoline Slend up to 85% or 100% methano:. 


The vehicles are desiaqned to sense how much methanol is in cna 
mixture and make apdrooriate engine adjustments for oroser 
comSustion. The use of metnanol results in less reactive 
nydrocarbon emissions due to the low reactivity aoc s a 
mectnanol. ' However, the oresence of gasoline in the blend 
results in stoniticant hydrocarsSon emissions too. ~ "Data are ne. 
SULstCLene. SOL ind tCateret ace e trier CO Or ene emissions 2:2 
changed with use of a flexible fueled vehicle, 16/17,13,19,29 
It is imoorctant when assigning emission “reductions <=or 
flaxible fueled vehicles to determine wnat fraction of the zine 
tne vehicle overates on a metna nol mixtuc2 versus gasoline since 
moO emisslon reductions occur with use of gasoline. PS i ae 
LmpDOrtant to confirm what percentage methanol is De Lida ars eon 
Items such as methanol sales records should be used for tracxing 
purposes to determine the mil2age accumulated with the methanol 
olends. Although there are no firm data to determine how mush 
RC .reduction should be assumed for a flexible fueled venicie, 
wren LS willing, to assion the" seme iercentace (reduce. Cocos 
cLaxible fueled venicle using 853 methanol as for a convencional 
eecnnology vehicl designed for dedicated methanol use 35 
mentioned in the next section. The following emission reduce isa 
credits (assumed to occur over the life of the vehicle) can oe 
taxem for~~the fraction” of” time a’ ‘€lexidle fueled vertices 
Qoerates on 35% of aniaher methanol. 
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There 1S a possibility that an advanced technology versio 
SeoNo sere may SXISER in. tne (future (see (Section i..4. 2.0 soe 
ps lacles,. Eas, reduce, tnis, » possioilicy inetude sw - toms 
icterences in exhaust temperature of gasoline versus methan 
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tne dilemma this soses with respect to catalyst design 
cement. However, SINCG- lt. .may, 06. cOSSth leis Comma. 
vanced tecnnology FFV, EPA should be consulted reaariai 
Orooriate credit 1£ such vehicles are contemplated. 
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Altnough emission data for flexible fueled vehicles a2 
extremely Limited at this time, EPA is aware of several on-goi 
emission characterization programs. Any new data will be us 
tc modify the above estimates, aS apdprooriate. =PA wo 
C..tsider using different credits if adequate data are avails 
to suSport them. 
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The HC reductions given above (and those presented selow 
tons 3.4.1 and 3.4.2) are sased on an asSumption ‘hat on 
cardon atom Sasis, each methanol molecule in the exhaus 
Orative emissions is only 43% as reactive as an av 
methane HC molecule emitted by a gasoline-fueled ven 
ls reactivity factor is dased on the average e2fie 
reactivity determined from city-specific EKMA modeling 

mumber of different cities, which gave closely similar re 
COree acd Cincy, Areas that have Airshed modeling that 

allow them to develoo customized reactivity adjustment £3 
con cielo Locat = conairtrorsm consistent. wilths coAs mecigdsmos.s 
these Factors ¢o recalculate the .effechive. raduceion: 25 
em;Ssilons, instead of using the EPA reductions civen asove., 
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3.4 Dedicated Methanol Vehicles 
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dedicated methanol vehicle is one that uses only 
of at least 85% methanol. Even though the comments 
in ressonse to Lts oroposed metnanol csulemax 

d. that. such venicles could. cealize mos. cos. 

mce advantages by using as Little as 50% methanol, 
curcently being considered use from 85% to 2. 
: This section gives two classes of metnanol anges 
, currcent and advanced technologv. A current technowoce 
would be one designed with oresent technology for 353 95 
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modification, 
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Eficiently low NO, emissions 


fueled 


a 


technology + 
Mite Gale 
ootimized 

ne 


Nicle is one Shate woud 
conomy through the use of 
cO.,case fut “ada cade. ge 
combustion cnaracteristics (high oc 
limits, high flame speed, low 
Design features would likely include 
DULna A COmouUSst Lon, and an advanced 
and could include conceots such 
supeccharging, methanol dissociation, cool 
etc. Also, the advanced technology vehi 
cormaldehyde emissions possidly due #9 
catalyst configuration (size, composition, 
Tne vehicle would have to be designed to have 
even though 1 would be leaned out enougn *o 
without the use of a reduc 
are avallable on emissions 
tne mumders given in Sections 
would have to be updated as more data 
EPA would consider using different 
ta are available to support them. 
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given in Section 
ALSOoALL AS irwittt FFVs, areas 
would allow them to develop 

factors roc their local 
with EPA methods can use these factors to 
reduction in VOC emissions instead of usin 
oresented here. 
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atively large emissions data base for 
using at least 85% methanol. es ek 
ets that current technology metnanol v 
ivalent amount of organic emissions as 
considering the amount of cardon. 3 
andard reoresents 0.354 g/mile carbon 
ratiol O€% Wer 7e5 3 A methanol-fueled .: 
a standard so that orsanics <ontaz 
g/mile caroon. As discussed earlier, 
as a whole are less reactive than 
Based on current EPA models, tne 
urrent technology vehicles would be as fo 
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This emission reduction {s assumed to apply over the life of 
venicle. Atrangements should be made to collect fuel sales °- 
Simii.ar cecocds to later substantiate the credit claimed. 


ae Advanced Technoloav 


An advanced technology methanol venicle would use 
technology such as described above to assure low emissions. 72 
be classified as an advanced technology vehicle and receive the 
Ho emission credit stated below, a vehicle would need to Se 
certified to meet the following emission levels. 


Exhaust Evanorarive 
HC Gs020na/ymive 0.0 g/tese 
Methanol 0.20 g/mile Ue 7c est 
Formaldenyde 0.003 g/mile 


The possibility of an advanced technology vehicle meeting 
Slighely khignerc evaporative emission level (2.0 g/ test 9 
methanol) is also being considered. The above certificazio 
emission levels should result in the following in-use emiss:on 
levels. 
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In-Use In-Use 

Exhaust Evaporative 
4C 0.044 g/mile 0.0 g/mile 
MeenanoL 0.44 g/mile 0% 2) O/ mite 
Formaldenyde 0.007 g/mile 


A system should be set up to track in-use emissions from these 
vehicles co assure they meet the above levels in-use. AN 
advanced technology methanol vehicle meeting these emission 
Critecia cozld claim the following HC reduction credit. 


HC Exhaust = 56% 
HC Evaporative ~ 92% 


These credits are based on the following calculations (with dase 
gasoline vehicles having eamisston levels of 1.00 g/mile exhause 
and 0.51 g/mile evaporative HC): 
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“Equivalent HC" g/mile # HC g/mile X HC reactivity factor 
+ Methanol g/mile X Methanol reactivity 
factor” 
+ Formaldehyde g/mile X Formaldehyde 
reactivity factor 


Exiaus® 


Seal wa Lee 4G. = wa aa keel 
PED 440 X 21-3609.43 Den Xx 90743 
* O40078X 129/30k0+ Xa 4.8 


#® 0.14 g/mile 
Evaocorative 


Sefcutvalent HC” = 0.0 x9 00 
+5 (OS DOR Xe PAR UY/ Sos me Xe One 


= 0.04 g/mile 


° +9-state average reactivity values based on Limited 
computer modeling. Area-specific reactivity factors may be 
used 1f available. 

ries Adjusts for carbon atoms/gram, since reactivity is on a 
per-carbon atom basis. 


Thes2 numbers are very tentative ones and may change as mere 
data are obtained. This reduction is assumed to apoly over the 
useful life of the vehicle. However, following ehe introducticn 
of tne vehicle into the fleet some form of emissions monitoring 
would be needed to ensure enat that there is no substantial 
in-use deterioration from these levels. 


Also, .1£ areas expec® to have emission levels between the 
Curren® and advanced technology cases presented above, EPA wilt 
accept reasonadle estimates of in-use emissions to adsust the HC 
Faeductson sac sora ingiy. For example, a venicle usin 85% 
mesnancl could do better on some pollutants than the curcant 
rechnolocy Levels bue might Nave more hydrocarbons than allowed 
by tne advanced technology standards. This vehicle could gee 
some credit for lower emissions in one area than allowed by the 
current technology level. If, for example, such a vehicle had 
the follow:na in-use emission levels (g/mile): 
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In-Use In-Use 

Exhaust Evaporative 
HC 0.20 g/mile 0.07 g/nile 
Meetnanol 0.75 g/mile 0.30 g/mile 
Forcmaidenhyde 0.05 g/mile - 


then the HC reduction credit could be calculated as fr!low 
(with Base gasoline venicles having emission levels cf C 
q/mil2 exnaust and 0.51 g/mile evaporative HC): 


On 
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Exhause 

SEava sent HC. ££ U.c0 wt wow 
am eee it oh os pete pk te Ofek i 
rr a ha ets 3 a ees 
= 0.45 q/mile 


Evavorative 


"Equivalent HC” # 0.07 X 1.00 
eNOS 30K Ses / see ee a 


= 0.13 g/mile 


These vieid the following HC reduction credit 
HC Exhaust - 553 
HC Evaporative - 75% 
If this cption is of interest, states should contact EPA 
discus¢ ne emission levels and reasonable estimates of 


ine-u 
emissions. Possibly, this concepe could also apply to Flexiol 
Fueled Venicles (FFvs). 
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4.1 General Assroach ‘and Model Year-Snecific Adjustment Factor: 

i ra EE ae ae a a eo eines 

ate General) approacn “for calculating: emission cezanges ie 
to use of alternate fuels is based on MOBILE3 which is the mode 
tne «States use ‘to calculate the mobile «source emission poreion 
Bien cteirc rSess* MOBILE3 calculates emissions from in-use motor 
vehicles for the calendar year of interest. The soursose of shis 
section 1s t9 Sresent factors to adjust a special version of the 
WSloesJsOUtaQUue to*account forgalterraterstueis, 

Before discussing the adjustment factors for MOBILE3, it is 
imsortantr to) determines thers» technology esplit an thee warmoce 
venicle classes. Thiss technology solit)-vs simportante Since: ere 
cnange in vehicle emissions with oxygenated fuels denends on che 
vehicle technolocv as mentioned in Section 3. Tables 4-l ane 
ssvor b1lStG.sEne technology isplbits for vehicles Crom the sre—- eo 
througn 1990+ model years. The different recnnolocies 
considered in Table 4-l are non-catalyst, open-loop oxidation 
catalyst vehicles with carburetors, open-looo ep eb ae (er ate yy 
Seaicalvsts with fuel injection, Closed-loon 3-way catalvs= 
vehicles with carburetors, and closed loop 3-way. ¢eataivs=- 
venicles witn fuel injection. For exnaust emissions, it is 2 
reasonable aporoxl Lmat ion to assume that a technology tyoe's 
share of the model year's emissions is the same as its shar2 of 
titatVéesvearnss ‘sales: However, carbureted and fuel injectec 
vehicles have guit2 different evaporative emissions. Greater 
accuracy can de achieved without undue comolitcation: icc 
PSecognizging sand, accounting Star  wtnirs difference. Taole -4-c 
oresen=s EPA's current best estimates of evaporative emissions 
Erom  “carbureted and ‘fuel injected venicles on slli7 sos) sae Seo 
DSi non-oxyaenated gasoline. 

Table 3-1 already Listed the general percentage changes 
assigned: to .each technology class foc exhaust emissions saoc 
esnanol, methanol, and MTBE blends. On a percentage basis these? 
mumsers 4ar2 oe same for low and high altitude, SU Ssitacea 2. 
al zix<3xde.cO emissions sare greater tnan low alettudes the —2222- 
enanses would de greater at aign Se ee : able» 3-2 Lists. yea 
eyvasorative emission assumptions dv technology ea 2 Cea 
5Slenas. These changes were determined ‘for eacn tecnnoloscy sa 
asdim@ =nes effectsiacé oe on diurnal and not soak emissions 35 
wilt jasethe eftectiof distillatton curve (3 evaporated) ac Saume 
ofenes sscase.mass emissions; The distillation effect has 5e23n7 
ads-isteds so. as not to double count any RVP=only =f tect ona 
39a amissions. 

Ssmanol 3hends- The final cesults for etnanol bends 36+ s294e4 
ie T athhes ee to 4-9, in-the form of adjustment factors stomee 
aoolied to individual model year emission Levels of individual 
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Tenicle tyvces (e.g. COGY», COGT,. ekc Juv Table 94-3 omens 
sercentace .cnange in .2xhausce Yvolatile organic compounds ip a 
cdr tne sursoses of MOBILE3, exhaust non-methane HC)  f5r 
vanicles in .model years ore-1975 through. 1990+. Tadles 4-4 
ernOuda. +-.7, list similar »intormation wor, venicles in, enase. toca. 
years for vehicle evaoorative emissions when using ethanol 
Siends. Factors such as the RVP level of the blend and nercent 
maceesc snace of the Oléend (i.8., “the commingling effec: for 
einner -50% or l0Q%$ markxet..shane) are included ,in. these tadles. 
Tadles 4-8 and 4-9 give exhaust CO and NO, emissions changes 
with ethanol blends. 

These tables were constructed using rhe Lniceittiie Wee 
cecnnology, effects Enom Tables @-l and, «3-2 -andsweightings Saoce 
effects by the technology mix, (non-catalyst/OL/CL for .exhau 
CarS/FI.forc\evao)-for each model year for. each «vehicles catecors 
(lUDGVe» LOGT1: .LOGD2, and4 SDGY). 

Methanol Blends - Since tne exhaust effects of methanol siends 
ar2 tne same as for ethanol blends at a given RVP, Taodles 2-1, 
+a, er andr 4-9 calso tapply “ra, meithanoh olends: Regarains 
evaporative emission effects, Tables 3-3 and 4-10 throucn 4-223 
zive Similar information for ‘methanol Slends. 

MTBE Blends - Tables 3-1, G-4* land 4-14 through! 4-7 Give wea 
corresoonding exhaust and evaporative emission information for 
MUSE “Slends.. 

CNG and Methanol - Because the adjustments for CNG venicles, 
TFV's, and currant technology and advanced technology dedicated 
methanol vehicles do not depend on the tecnnology =aix 93E 
gasoline venicles, they do not depend on model year. Therefore, 
s20arace cadles Lixe Table 4-3 are not shown for these aizternata3 
See? Cars. Tne general aporoach Ls the same, nNowever, 
agorooriate adjustment factors for each affected model -ve2ar 
should be taken from the relevant text in Section 3. 

These calculations apply to ootn low (and Aigne ea 7.122 
areas. However, for high altitude~ areas, the” -ALtgh alzvivecs 
tut {bag "Or “Oot uns ssnould 2 Weed 

To. “use the **informatton ®in; *¥ for *vaxample,) slsote, oe 
eaveulate an overall fleet effect, “Lt) is) inecesssn7 (oes ae 
Sntalne ta special MOBILE3 output showing model vear-scecliiec 
a/atl2 emission levels and VMT weighting factors. dele hilo «= 
mocel*veac adjustsen= tactocs* Crom hae appcoonlate itso eee 
S22 4asolied to the individual model, vear cutout cor, Oxv sea 
slends. This must be cepeated for each vehicle type. The nocel 
vzar Eactors snould then be rcecombined across model years sian 
tnen venicle tvpes. For both steps, VMT weighting factors are 
used. ‘This adjustment and recombination procedure cequires hand 
Saect bar Lot. 
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f*¥.s- Mesnodniedy will--wotk-—for-410 94-16 £..0ndm- OF SOMO ee 
years--using CNG, FFV, 85% methanol, or 100% methanol, “fe wie 
also work for the oxygenated blends for the cases for which 
there are tatles. These cases include 100% market share of one 
of the three oxygenate BSlends or 50% market snare of either ene 
eetnanol or methanol dlends. Other cases are covered in Aspend:x 
A. 


4,2 Partial Peretration by One Biend or Vehicle Tyce 
For market shares of oxvaenated blends noe lLisred in fre 
etacle, tne effects of the blends on evacorative emissions muec 
be calttilated. This caiculation™ is’ Simplest “for MTRF wrersenna 
c2n interpolate linearly for the effects between 0% and 1008, 
Since ehere are no commingling effects. For either the ethanol 
lends, one must make a quadratic intersolarion 


or meshanol ob 


ssing the 0%, 50%, and .100% points since this relationshis is 
Hoe Linear Cueto commend. rao é4ftecrs: 


te is important to note that ehe 50% market penetration of 
’ ] 


hanol or methanol blend results in a greater ner-venicle 
effect on evaporative VOC for the Slend fueled Fraction of the 
fleee etnan the 100% marxet share case. Tnis can be geen dy 
comparing Tables 4-4 and 4-6. The reasonn for Phie is that with 
an eenhanol or methanol blend market share of less than 190% some 
degree of commingling is expected ‘from consumers mixing the 
alcohol blend with either straight gasoline or a sgasoline-MTSE 
Slend (such as by filling their tank with an MTBE Blend when tne 
previous filleup was with an ethanol blend). Therefore, a 


procsam with no commingling would yield the greatest benetsss: 


T£ the blend market share varies by model year or venicle 
evpe, "he user must Gnterool.ate the sq jus ment) fac coue tae 
eney ar2 applied to the model year g/mile emission levels. if 
it is the same for each model year and vehicle tyse, a single 
inserpolation on the overall fleet emission level 13 
acceotacle, 


If one blend org vehicle type (e.g., CNG, methanol) is used 
for cniy some model years, the adjustment should be apnlied onl; 
Soc Lose o=ode ll vears. Tnterpolation may be needed for enac 
model vear if thece is less than 1003 usage. 


or partial penetration of alternate fuel vehicles (e-7., 
CNG, meckanol), ome can proportion the adjustment factorcs or the 
Pra Pe eek a7) Ss Mate sac oO Si ad ye 
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4.3 Simuleanesis Marketing of MTSE, Ethanol, and/or Methans! 


A somewhat more complicated calculation procedure will be 
uoed =for ssimultanzoude-use of) «different blendsssio avuuditlense 
commingling of the different oxvcenates. In effect, MTSE blends 
will be considered the same as gasoline since commingling 
effects between MTBE biends and gasoline would not be expected 
£o..occur,. Thus, .if only MISE. blends. and .ethanol Jor amethanods 
Slends arce2 bdeing used, the above procedure can be used with a 
Simple modification as described in the following examosle. 


Suppose the gasoline marxet share is 50%, the MTBE blend 
(2% oxygen) snare is 15%, and the ethanol blend snare (3.73 
oxvagen) is 35%. Three fleet gram/mile emission factors must 5e 
calculated. 


iy One with model year adjustment factors ecual t0° 0.15 
cimes ene 1008 Market Snare MBE adjustment factors 
in Tadie 4-17. (Zero ethanol sales) 


4: One with model year adiustment factors equal to 0.15 
times ehe 1008 market snare MTBE adjustment factors 
in Table 4-17 plus 0.85 times the 50% market share 
ethanol adjustment factors in Tables 4-6 and 4-7. 


eh) One with adjustment factors equal to 0.15 times the 
100% market share MTBE factors from Table 4-17 slus 
0.85 times the 100% market share ethanol adjustmens 
factors in Tables 4-4 and 4-5. 


The three fleet emission factors at 0%, 503, and 109% ethanol 
mar<xet snares must then be intersolated to 35% market share 
using a quadratic interoolation as mentioned in Section 4.2. 


If hoeth ethanol and methanol blends are beina marketed, the 
Calculation procedure becomes a little more complex and is 
descrioed in Aopendix A. 


4.4 Blends and CNG, FFV, “95 and/or M1LONO in Same Model Year 


Eere each model year should he divided into two or more 
groups based on the sales split between gasoline venicles and 
alternate fuel vehicles. An adjustment factor should te 
gelecered (or calculated if necessary) for the gasoline sortion 
based on expected blend use. ‘This adjustmene factor snouid de 
combined with tne standard adjustment factors for CNG, Fv, 
Current technology methanol venicles, and advanced tec 
methanol vehicles using the new vehicle sales mix. 
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T) as2 the method and numerical adjustment Factors provided 
in earlier sections,..lt 18,-necessaryv to -have, -maressdeanied 
ous ou £7asn..can ha; 0ootained= withiwstne Standardamei0o. ce (oc 
MOS Tia); . pcograme Soecifically, .output.dis needed wnhicnsksrows 
Sor ~& Given, po.lutant. then,emission.satactor-gfons eacumenades 
vear/venicla tysce, and that model year's share of the VMT fErom 
tnact vehicle tyove. YMT shares among vehicle tyoes ar2 also 
neede but are available..in. the, standard MOBILE3 outouc. For 
VOC, exhaust and evaporative emissions must be snown seodar2itzealy 
For each model year so that the senarate adjustments can Se nade. 

While it is sossible for a user to modifv the MOB Liza cogs 
to generate the required output, EPA dselleves it will Se more 
convenient and less error orone for most users to obtain from 
EPA a.Magnetic tape containing the Fortran source code) fore 
modified MOBILE3 which can oroduce both the standard tyvseas of 


OuzDoub and the special version required for using tnis jnethod. 
Users snould contact (name and teleohone to be provided in final 
qocument only). 
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"Seucy..o£ Gasoline Volatility and’ kydrocarson  smtasione 
Sc wteewaGer VenLClLes > Ueo-e, EFA, “Office of eencceeee 
Radiation, Office of Mobile Sources, Emission Controi 
Tecnnology Division Report, EPA-AA-SDSB-85-05, YNovenser 
ao Sc. 

Draft “Regulatory “Impact Analysis, ~"Control” of Gasotine 
Volatility and Evaporative Emissions from New Motor 
Vehicles", U.S. EPA, Office of Alr” and” Radiation, .. tceeo 


Mopille Sources, May 1987. 


"The Effects of Two Different Oxygenated Fuels on Exhause 
SoS. Ot Succicwert ct) i eeenae es » Colorado Department of Health 
REDO Cente aon 6 


Overneads for Presentation ody Colorado Department of dealr 
oersonnel for EPA meeting with Rocky Mountain Oi. ané Gas 
Association personnel, January 23, 1987. 


"Reoort and Recommendations of the Oxvygenated Fuels 3< 
Force’,  Repor = to Richard ~D. “Camm, Governor, stacoe 
Colorado, October 29, 1986 
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vBenanol-Blended Fuel as ai CO Reduction Strateqve a ae... 
Altitude", Colorado Department of Health Reoort, Aucuss 


Sctects of Ethanol-alended Fuel” on Motor Vei*cves (2 ee 
Altitude”, Colorado Devoartment of Health Reoort, Se2otamoerc 
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"Purther Analyses of the Effects of Fuel Oxvgen Contens 
exhaust Emissions", EPA Memo from Jonathan Adler, Technis 
Support Stafl to Phil torang, Chiet,  Tecuntcat soto 
State, March 9, LYs/. 
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"Meeting with RMOGA Representatives on Blends", EFA 
Erom PhHLL Lorang, Chies, Technical Supcors) Stacie. 
Fecha, spe orial Veco oe Loos 


EPA Fre oan Oxygenated Fuels from’ Jonathan  Acler, 
Saree if ree eer Staf€é. to Nancy (Cc. “Wrona, “Alte 03. 
NAIL SOr , GCLeveOe PnOeCILS,, Malciwta, ct sua-s 


SPA Lettec on Oxygenated Fuels with supolemental memo ir: 
Jonatnan Adler, Technical Support Staff to Nancy C. Wrona, 
Air Quality Advisor; “City of ePhoenix, Jantar soe 


> a 
=> A a 


ae brie rhatipesey 


eX bbe a 
povde-see SORACAES #30008 


" . »** 


dhevlans 
anol: ay 
nak bee sid Se 


Sesanseval 269742" 
ey aeee OBE, OD 


} 
— 6 


3 a we iS FEDS” 


porte ae 


besarepy rc 
, TON TOeVED 


- 


,38.b5A ne canon 


tO 
oO 
e 


sftects of Distillatvonesrotatiewmt L60%R soon eeeeee 
Emissions, =PA eMemo.- FEFom va onatians Adler, Tecanieal SUDDOr= 
Stail fo’ Charles Uw praviqnJicin, sULrector, Emise once 
Tecnaoloay Division, December 9, 1986, 

"Analysis of che Effects on Exhaust Emissions of the Usenés 
Metnanol Blends; A Summary of Several Studies", SPA ‘emo 
from Jonathan” Adler, Technical Wasupcort scarce PATS 


<0 
borang, Chief, Technical Suppor tasgath, August ta toeee 


Fuels and Fuel Additives; Definition of  SubScan- us 
Similar, Federal Register, 45, 199, 67443, Octsdber 104 1980. 


"Distillation of Fuels Containing MTBE," EPA memo from Carl 
Scarosrco, Testing Programs Branch to Jonatnan Adler, 
Tecnnitcal Supcortestatt ee Marcie. saloon 


sOreanic <Emissioniestanuacd for Light-Duty Metnanol-Fue 
Vehicles: A Methodology", Michael D. Gold (U.S. EPA) 
Pollution Control Association Paper 85-38.6, June 1985. 


"Assessment of Emisstons from Methanol-Fueled Van 
Imolicatitons for Ozone Arr Quality”) Rid. Nicnolseon 
Norbeck, Air Pollution Control Association Paper 8 
June 1985 


EPA Regulatory Suppor’ Documents, "Proposed Orsano< 
Emission Standards and Test Procedures for 1986 and Late: 
Maerhanol Vehicles and Engines”, UsS <LEPA ardf fice totes aa 
radiation, Office of Mobike Somrces, eoubyelsas: 


"Impact of Methanol on Smog: A Preliminary Estimats", Gar 
Z. Whitten “and” denry Yodo, JSvstensmApolticsttors | eee 
Publication # 83044 orepared for ARCO Petroleum Products 
Comoany, February 1983. 

"Photochemical Modeling O£ Methanol-Jse Scenarios : 

Philadelohia \yeGary|*Z Whitten; -Nae Yonkow, atid teat seeivoecay 
Svstems aoolications, Caeci EPA Gonf rac > Redort 
460/3-86-001, March 1986. 

a2cO. Letters.on Lcomminglaingadandiefueleczolatil iow (Scone 
“Jase. to Charles Lo ‘Gray, cpa, © 20rueteway soon 
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3.7% Oxygen 


(Os Ethanol orcess 2.0% Oxycer 

Merhanol/Cosolvent Blends) {Lie SS Sees 

Vv, @ @ “ree 
Same +1 S272 

Tachnolocv ke, NOx RVP PSI CD pt ae == 
Non-Catalyst -18.0 +4.8 3.5 -6.7 -9,7 -2.5 -+.7 
Coen-Leep Catalvst Sol +4.8 ~B.42) Os)? =16.6 255 “<.7 
(car Dur eted) 

Closec-Loop (carbureted) = 1.0 50 mache. ta =O 7 om 3.4 et 


Closed-Loop (fuel injected) -10.0 ae. -4.4 -0.7 c—7 64 roe “2,5 


Non-Catalvst CO (-18%) - Based on the differences in mean © of a group 32 “ics 
4alziicuce venicles tested on 0% and 3.7% oxvgen fueis. No low altitude <= 
wer2 Located for non-catalyst vehicles. The 2% oxygen case is prosortionec. 
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Qoen-Loon Catalvst © (-30%) - The 30% reduction estimate is both the chance in 


mz2an CO emissions or a group of nigh altituce venicles, and the reqaressicn-sessc 
effect estimate from the complete sample (Table 2) of Reference 8. The 2¢ cxv7Er 


CLessc-Loon Cartursted/FI CC) (-10%) - The “10S estimate rcetlects aes one 
zd-1stment of the available test cata. The mean change in a group of Alch alcziczice 
yanicles was -18%, but the group may not have had emission levels reoresentative 7: 
rhe bulk of the in-use vehicles for which this estimate will apoly in the cocst-1227 


ceriod, and may not have been tested in a way whicn allcewed adactive menor. cs 


limit the CD denefit as much as it would for in-use vehicles. The recression-sss=2 
eiface estimate using the complete sample of low altituce vehicles in Refarensy : 
would s2 -12%3, but is also subject to concerns about reoresentatlveness. The io.2r 
Eisure of 19% was selected to avoid the risk of giving soo mich credi= ena ose. 
socroving SI?'s which would later ocrove inadequat2 in sractice. The 23 oxvcen c22 
13 Srocor <ioned. 
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Ate sar saan _st—-a- a5 sae = = \ 
\Wee 2 ies - Se, — Kh -s ) = i ——) 
“fora (bat FS eee ee - The values shown are the regression-oased afis 
tne comolece samc.e of low altitude test venicles from Reference 3 (Table 
bs be my 1s ee 
OVS 1000 Sa ca.s~. ESE 
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Instructions on Calculating Commingling Effects When 


Both Methanol and Ethanol Blends Are Used 
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Sections eae Baz and Shes 4 mention that avaporati 
emissions increase when an alcohol-containing gasoline sblend 
“aLxed witn gasoline in> a vehicle's fuel tank: pithes enero eee 
relacive to what avaporative emissions would have deen nad « 
two fuels been used in separate vehicles or by one venicle 
Succession with no mixing. This increase is, tn 6£§6-=" 46 
a non-linear increase in volatility from mixiaq. tram 
St ooerent “ye bueaes- 

Mixing of  MTBE “Slends swith «gasoline causes n exc 
increase in evaporative emissions due to commingling. PAR fee 
s-l7 gives the increases: (as multislicative adjustment . factor 
in evaporative emissions with 100% use of an MTSE Ddlened. ¥ 
increase for evaporative emissions for MTSE usage below 1) 
should de linearly interpolated between the increase at Ze 
mazrxec share and the increase given for the 100% mar<et sna 
case. 

Mixing of ethanol dSlends with gasoline does result in exc 
eyaoorative emissions due to commingling. Tas, nel incsese 
in evaporative emissions with a» 50$ market -share) of ethan 


biends» is sumore than ‘one-half = theeancrease , fori “ac Loge Vea 


snare. A simither sittthattons exists fEor methanol olends. 


I= a market. penetration of -an alcohol: dSlend is: other 
530% or 100%, an adjustment value for evaporative emiss 
should be cetermined by use of quadratic equation: through 
thr2e ooints given for 0%, 350%, and 100% marxet share. The 
anc 100% market share values are given in the tables ment: 
in the orevious paragraph. This methodology works when 32 
Single alcohol blend is being marketed. 

Lf a single aleoholitblend: tsa hbeingeimarxetedide tong evr] 
(ATBE slend, the MTBE blend should be assumed to acct 
gasoline when commingled. Thus, rhe market snara 
non-oxvcsenated casoline and MTBE blends should be added *oc2 
and used as descriped in the oreceding paragraon and in Sec 
2. 

t= an ethanol blend and methanol blend are being marxe 
the s*hanol blend should 5e assumed to act Like sasolece 
SScaLac. sc.. Thus) the ? nat <e0eisnaces of non=oxvgenat=2 s2ace 
ana ethanol oOlends ‘should “be added tocether sande es. 
descrived above to determine the commingling effect due 9 


methanol blend. Also, it will be necessary to determin= 
effect of commingling of the non-oxygenated gasoline and 
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SteanGlec2ncs. “Dre newly determined “percentage wince -secauea eee 
for the methanol and ethanol blends should be aoolied ¢ ate 
aVOrOcr. ics = cacseageen Cnsi marker. 

The. Marcaitvesinfocmation in. [he~sapove: ocaragmasns: cannulae 
ce presented algebraically. Tne, following, fuel. use «scenarsa 
ace defined f2c use in the calculations. 

Fuel Use Scenarios 
A non-oxygenated gasoline (Standard MOBILE} 
B 100% ethanol bolends 
SS 50% ethanol blends 
D 100% methanol blends 
E 50% methanol blends 
F 100% MTBE blends 
G ws non-oxygenated gasoline 
x% MTBE blends 
y% ethanol blends 
z% metnanol slends 
we + x3 + y3 + 23% = 100% 
Scenario G 1s the most general scenario for Nic -26 oe eae 
emission factor may be required. The other scenarios) as 
Straightforward ones for which model year-specific adjustmen 
factors are given in Section 4. 

ror a complicated case such “4s 9G, the following scuese 
aogir or. se. used ito predictestne adjustment factor (Geel so eoee 
to a siven mocel vear/vehicle tvoe's evaporative emission factor 

Gof = (quadratic fit of the model year/venicle tvoe' 

adjustment ‘factors “€or scenarltoas) 93) Gewese 
evaluated at 2%) + 
(the adjustment factor For Scenario Fi) tx 200) 
-z/(LOO-y]) (quadratic £1t of tne adjustmence acto. 
for Scenarios A, B, and C eval luaced aie ae 
The nek Lines of the above equation reoresent the effects du 
“Qo metnanol blends, MTSE Slends, and ethanol blends. Le snows 
oe a that the term in the third Line 
CL =—2y- | LOO = sh) 
reapcesents the ‘f€ractlon of, the “fuel subject sto) a ecomiiaaie 
effect with ethanol 
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